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CRN RFC Demonstration Objectives . . .

• Benchmark Residential Fuel Cell (RFC) 
technology for further effort

• Identify and resolve critical DP implementation 
barriers

• Build solid foundation for co-op DP

• Ascertain key near-term / long-term DP         
benefits 
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Why Co-ops?

• Six customers per line-mile ...vs... 33 for IOU

Moreover ...

• Growth rate twice that of IOU Electrics

• Customer owned

• Serve 34 million consumers in 
46 states       75 percent of 
nation’s area

• 2.3 million miles of line is        
close to half of nation’s total

• Co-ops view DP as needed solution; not a “Problem”
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Already Accomplished . . .

• Demonstration planning, installation, operation

• Identify and manage application barriers including: 
electrical / fuel / water / thermal recovery / etc. 

Includes Electrical Interconnect: 
- Types, analysis, and Issues (GP GI DualMode)
- Interconnect and PQ verification procedures

• Thermal recovery (CHP) applications, integration, 
and benefits

• Data collection / instrumentation protocols 

• Assess market and application issues

“the
present   
RFC
Bible”

? RFC DP Application Analysis Demo Handbook
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Already Accomplished (cont’d) . . .

• 3 days and 15 presenters

? Held CRN RFC Training Seminar Program

• Introduce co-ops to RFC DP
• 60 co-op participants
• 4 preselected manufacturer presentations

January 2001

29 30 31

– Assess fuel cell technologies and statusIncluded:

Denver

– Review PEM cell stack and power plant design 
(Concerns that a co-op should know about when assessing 
manufacturers!)

– Review electrical Interconnect types and issues

– Examine other key interconnects and barrier 
concerns  Fuel / Water / Thermal Recovery

– Explore customer applications, markets, and 
related barriers
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Already Accomplished (cont’d) . . .

ARE THERE OTHER RECLOSERS, OTHER FUSES,  SECTIONIALIZERS, VOLTAGE
REGULATORS, ECT. IN THE LOOP

IDENDITY? Please mark this letter or code on Chart 1.

LOCATION? (Miles or Feet)           FROM POINT (Point A, etc.)

SETTING /
DESCRIPTION/
ETC?

ARE THERE ANY OTHER CUSTOMER OR METERD LOADS ON THE
CUSTOMER SIDE OF THE POLE TRANSFORMER AT POINT D? (Yes or No)

If Yes, please enter those other customer’s or meter’s
load information below.

You do NOT need to enter the information for the RFC
site since that is already reported in the Site Energy
Survey Letter Report.  Also, only enter that information
which is readily available.

However, you should at minimum identify any other
dwellings or metered structures that are on the same
side of the pole transformer as the RFC and report their
approximate loads.

 If there are not any other customers or meters, please
enter “NONE” in the first box.

Other Metered
Structure/Load >

Month KWh/mo kWD KWh/mo kWD KWh/mo kWD

DISTANCE: Point C to (Miles or Feet) Point D

POINT D:
Normal
Daytime

Minimum
Nighttime Likely Peak

AMPS?

RFC SITE POLE Transformer rating in kVA?

TRANSFORMER? Fuse rating in amps at delay seconds?

DISTANCE: Point D to (Miles or Feet) Point E

ARE THERE OTHER RECLOSERS, OTHER FUSES,  SECTIONALIZERS, VOLTAGE
REGULATORS, RECLOSER RELAYS, ECT. IN THE LOOP SERVING THE RFC SITE?

IDENDITY? Please mark this letter or code on Chart 1, by doing the following:
1. Go to the menu View/Toolbars and check “Drawing”.
2. A drawing tool bar will appear at the bottom of the window.
3. Click on the text box symbol (tenth from left with little “A” inside)
4. A cross will appear in place of the mouse arrow.
5. Move the cross to the approximate area where you want the

symbol to appear on Chart 1.
6. Left click and then drag down to create a text box.
7. Move the mouse cursor to the inside of the new text box and

type the symbol.
8. If you move the mouse to the edge of the box and left click, a

shaded surround will appear with nine grab handles.  Moving the
cursos over a grab handle and left-click-dragging will move that
box side or corner.  A left click on the box edge and then
dragging can move the entire box to a new location on Chart 1.

9. A double left click on the box edge will bring up a Format Text
Box window.  On the “Colors and Line,” a down click “Fill--
Color:” will bring up a color window where you can select “No
Fill”.  Likewise, a  down click on “Line--Color” will bring up a
color window where you can select “No Line”.

10.  To get rid of the Drawing tool bar simply go back to the menu
View/Toolbars and uncheck “Drawing”.

LOCATION (Miles or Feet)           FROM POINT (Point A, etc.)

SETTING /
DESCRIPTION/
ETC?

Settings in amps @ time delay?

PLEASE PROVIDE INFORMATION ON THE DISTRIBUTION SYSTEM SERVING
THE SITE EVEN IF THE RFC AT THE SITE WILL NOT BE OPERATING IN GRID
PARALLEL:

1. Print out Chart 1 RFC Demonstration Site Distribution Layout from the previous
page:

2. Fill out the following boxes.  These can be estimates or best guesses.  Do NOT take
the time or effort to do expensive or time consuming engineering efforts.

If a box is not applicable, type in “x”
If the information is reasonably accurate or known, enter as 123,456
If the information is only a guess, please enter it as g123,456

POINT A:
VOLTS?

Normal
Daytime

Minimum
Nighttime Likely Peak

AMPS?

RECLOSER? Settings in amps, time delays, etc.

DISTANCE: Point A to (Miles or Feet) Point B

POINT B:
Normal
Daytime

Minimum
Nighttime Likely Peak

AMPS?

POINT C:
Normal
Daytime

Minimum
Nighttime Likely Peak

AMPS?

FUSE RATING? Settings in amps @ time delay?

PLEASE PROVIDE MANUFACTURER’S INTERCONNECT SPECIFICATIONS?

Please “paste here” or attach copy to this Letter Report .

ARE THESE MANUFACTURER SPECIFICATIONS SATISFACTORY TO YOUR SITE
AND CO-OP RELEATIVE TO:

GRID PARALLEL OPERATION? (Yes or No)

GRID INDEPENDENT OPERATION? (Yes or No)

DUAL MODE OPERATION? (Yes or No)

If answer is “No”, what is unsatisfactory?

DO YOU INTEND TO INSTALL ANY COOP PROTECTIVE RELAYING FOR GRID
INTERCONNECT RFC OPERATION AT THIS SITE? (Yes or No)

Please Note:  If additional
protective relaying or
controls are added, these
should be set to trips
slightly less stringent than
those of the fuel cell power
plant
 …  and …
instrumentation will need to
be added to record grid
upsets and which trip, the
fuel cell or the added
protective relaying, actually
acted.

If answer is “Yes”, what relaying and/or controls?
What trip recording instrumentation will be used?
(Please answer here or attach separate info to this report.)

      
Residential Fuel Cell Demonstration Program:

Electrical Interconnect Letter Report

At the point when you have selected your site:

1. Name the file of this form something like
AcmeCoop_092501_Electrical_Interconnect_LR.doc

2. Fill out the form.

3. Promptly mail or E-mail the form to Energy Signature including any attachments to
Energy Signature to the address in the box.

4. If you need to make later revisions as experience unfolds during the installation
and commissioning, simply copy the initial submission and rename it something
like: AcmeCoop_112501_Electrical_Interconnect_LR_RevX.doc  …and…  simply
resend the                   updated version.

If questions, suggestions, or comments on this form,
please contact:

Dick McClelland     (412) 635-8042  or
dickmc@telerama.lm.com

YOUR COMPANY NAME:

CONTACT PERSON FOR THIS REPORT?  (Name / Address / Telephone / E-Mail)

Dick McClelland
Energy Signature Associates
220 Dombey Drive
Pittsburgh, PA 15237

         dickmc@telerama.lm.com

• Co-op analysis of the grid inter-
connect that serves the RFC 
including:

– Voltage
– Nodes and Distances
– Amps and Relative Loads
– Recloser / fuse locations and  

protective timing
– Other protective components

(relaying, sectionalizers, etc) 

Chart 1
RFC Demonstration Site Distribution Layout

Electric Grid Interconnect Letter Report . . .
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? Developed comprehensive Co-op Letter Reporting
protocols and standards:

? Electrical Interconnect LR
Chart 1

RFC Demonstration Site Distribution Layout

Electric Grid Interconnect Letter Report . . .
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• Other loads / customers on inter-
connect side of pole transformer

• Co-op assessment of RFC 
Interconnect Protocol
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Already Accomplished (cont’d) . . .
? Developed comprehensive Co-op Letter Reporting

protocols and standards:

? Site Selection LR (19 Pages)

? Environmental Analysis Form (6 Pages)

? Site Energy Survey LR (WWW based)

? Installation Cost Spreadsheet

? Interconnect / Service Incident Report

? Commissioning LR (7 Pages)

      
Residential Fuel Cell Demonstration Program:

Site Selection and Installation Planning Letter Report

Instructions:
To minimize co-op reporting effort, this single form performs two reporting functions.  The first of these is at
least a partial completion of the form at the point where the site is selected.  The second is immediately prior to,
or during, installation and completes the balance of any uncompleted areas from the first submission.

1. At the point when you have selected your site:

? Name the file of this form something like AcmeCoop_092501_Site_Sel_LR.doc

? Fill out ALL of the denoted

                                                                       and

Also, fill out as much of the rest of the form as you can conveniently do without unduly
delaying the initial portion of the form’s submission.  However, it will all need to be filled
out eventually and the more that you can do now, the faster and easier your actual
installation will go!

? Promptly mail or E-mail the initial version of this form to Energy Signature at the address
shown in the box >>>>>>

? Also send the NREL ENVIRONMENTAL CHECKLIST form to NREL and a copy of this form
to Energy Signature Associates as shown on that form.  REMEMBER THAT YOU CAN
NOT START ANY RELATED SITE INSTALLATION UNTIL YOU RECEIVE APPROVAL FROM
NREL!  If you have a problem getting that approval promptly, please let me know.

2. At the point you have your installation planned:

1. Rename the earlier submitted form something like AcmeCoop_102601_Inst Plan_ LR.doc   

2. Review the copy of your first submission and update any areas that are necessary.

RED – SOLID_OUTLINED BOXES RED-
SOLID_
OUTLINED
PAGES

Dick McClelland
Energy Signature Associates
220 Dombey Drive
Pittsburgh, PA 15237

dickmc@telerama.lm.com

November 11, 2001

NREL
ENVIRONMENTAL CHECKLIST

PLEASE NOTE:  This form is a stand-alone document and must include ALL requested
information.  Only provide attachments if there is insufficient room to respond to a specific
item.

PART A:  Requester Information – Please complete all information

Project Title:
          
Awardee Organization Name:
          
Center/Office:
          
Project Manager Name:
          
Project Manager Title:  Phone Number:             
          
Project Manager Signature:  Date:

This section to be completed by NREL NEPA Coordinator:

NREL NEPA Control Number:
          
NREL NEPA Coordinator Name:
          
NREL NEPA Coordinator Signature:  Date:

PART B:  Proposal Summary

Please provide a brief summary of the proposed scope of work (attach a separate sheet).  The
following information must be provided in your description of the proposed activity:

          

(a) What will be done (describe both the construction/installation and operation phases);
(b) Why is the work being done (purpose);
(c) When the DOE-sponsored work is scheduled to occur;

INSTRUCTIONS: 1) Complete this form in accordance with the instructions found in the NREL
NEPA Handbook or on the NREL ES&H Homepage (NREL Environmental
Checklist Instructions).  Note:  THIS FORM MUST BE TYPED, SIGNED,
AND DATED.

2) Upon completion and verification for accuracy, submit to the Environment,
Safety, and Health Office

3) If the activity has not begun within 12 months following this NEPA
determination or if changes have been made to the scope of the project, a
new NEPA evaluation is required.  Contact the NREL NEPA Coordinator
for assistance.

Residential Fuel Cell Demonstration Program:
Site Energy Survey Letter Report

At the point when you have selected your site:

1. Name the file of this form something like AcmeCoop_102701_Site_Energy
Survey_LR.doc

2. Fill out the form.

3. Promptly mail or E-mail the form to Energy Signature including any attachments to
Energy Signature to the address in the box.

If questions, suggestions, or comments on this form,
please contact:

Dick McClelland     (412) 635-8042  or
dickmc@telerama.lm.com

YOUR COMPANY NAME:

CONTACT PERSON FOR THIS REPORT?  (Name / Address / Telephone / E-Mail)

DATE THIS FORM FILLED OUT?
                                         /                           /

SELECTED SITE?   (Name / Address)

1. Take your laptop out to the site and sit down with the occupant.
Then dial up the internet.  Open your internet browser and go to:
http://HomeEnergySaver.lbl.gov/

2. When the page opens, type the site’s zip code in the left yellow box
which is labeled “Enter Your ZIP CODE”  and click on “Go!”.

Dick McClelland
Energy Signature Associates
220 Dombey Drive
Pittsburgh, PA 15237

         dickmc@telerama.lm.com
Before using this form rename it something like:  AcmeCoop_102801_RFC_Instal_Cost.xls Shaded boxes denote input data. 

 You do Not need to fill out all boxes depending on local site conditions and installation experience.
  If the work was by a subcontract and you do not know, or can easily find, the labor vs material breakdown, simply report all of the cost as "Expenses/Material"

INSTALLATION COST FOR THIS INSTALLATION COST FOR TYPICAL
DEMONSTRATION SITE MATURE MARKET RESIDENTIAL SITE

ENGINEERING Labor Rate in $/Hour Labor Rate in $/Hour

ManDays ManDays
Site Installation Location $0 $0 
Mechanical - Natural Gas / Propane $0 $0 
                     - Thermal Recovery $0 $0 
Electrical - Customer Load Profiling $0 $0 
                - Basic Interconnect $0 $0 
                - Customer Load Segregation $0 $0 
                - Anti-export Controls $0 $0 

Other $0 $0 
Other $0 $0 

0.0 0.0
      Sub-Total $0 $0 $0 $0 $0 $0 

PERMITTING Labor Rate in $/Hour Labor Rate in $/Hour

ManDays Expenses/Material ManDays Expenses/Material
General $0 $0 
Mechanical - Natural Gas / Propane $0 $0 
                   - Thermal Recovery $0 $0 
Electrical $0 $0 

Other $0 $0 
0.0 0.0

      Sub-Total $0 $0 $0 $0 $0 $0 

FUEL $22 Labor Rate in $/Hour $22 Labor Rate in $/Hour

ManDays Expenses/Material ManDays Expenses/Material
New Propane Tank  -- Above Ground $0 $0 

Gallons -- Buried $0 $0 
$0 $0 

New Natural Gas Service line to curb $0 $0 
New Natural Gas Billing Meter Set $0 $0 

Fuel Line to Fuel Cell Feet $0 $0 
Fuel Cell separate (instrumentation) metering $0 $0 

Other $0 $0 
Other $0 $0 

0.0 0.0
      Sub-Total $0 $0 $0 $0 $0 $0 

 ELECTRICAL Labor Rate in $/Hour Labor Rate in $/Hour

ManDays Expenses/Material ManDays Expenses/Material
Fused Disconnect at Service Entrance $0 $0 

Microturbine Demonstration Site  Installation Cost Report

Before using this form rename it something like:  AcmeCoop_102801_RFC_Instal_Cost.xls
When you are done completing it, simply E-Mail it to: dickmc@telerama.lm.com

This Spreadsheet Contains CONFIDENTIAL Data
  Co-op

  Site Name

  Residential Fuel Cell Manufacturer

      
Residential Fuel Cell Demonstration Program:

Commissioning Letter Report

At the point when you are ready to start your Residential Fuel Cell, you
should have done the following:

1. If you haven’t done so, please finish up the Site_Select_and_Instal_Plan_LR.doc
that you started when the site was selected.  By now this should have included all
of that Letter Report’s information including both the “red” and  “black” areas.  If
during the installation, certain of the interconnects or plans changed, please
update those portions of the Site Selection and Installation Planning Report and/or
its illustrations and send the revised copy back in.

2. Also, if you have not done so yet, please complete the Interconnect and Energy
Survey Letter Reports which are:  Electrical_Interconnect_LR.doc and the
Site_Energy_Survey_LR.doc.  The ENV_Ltr_Rpt_08201.dot should, of course, have
already been done before construction started at the demonstration site.

3. Rename this form something like AcmeCoop_112501_Commissioning_LR.doc

4.  Fill out the rest of this Commissioning Letter Report form.

5. After also completing Steps 6 through 10 on page 7 of this document, please E-Mail
the completed document, along with any AcmeCoop_102801_RFC_EFF.xls
spreadsheets and AcmeCoop_102801_RFC_Harmon.xls attachments to Energy
Signature at the address shown in the box.
(continued to Step 6 on Page 7)

If questions, suggestions, or comments on this form,
please contact:

Dick McClelland     (412) 635-8042  or
dickmc@telerama.lm.com

YOUR COMPANY NAME:

CONTACT PERSON FOR THIS REPORT?  (Name / Address / Telephone / E-Mail)

DATE THIS FORM FILLED OUT?
                                         /                           /

Dick McClelland
Energy Signature Associates
220 Dombey Drive
Pittsburgh, PA 15237

         dickmc@telerama.lm.com

November 11, 2001

(Date)
: A.M.

P.M.
(Time)

: A.M.
P.M.

(Time)

When was unit repaired and
ready to return to power output?

(Date)

Site grid incident
Water supply incident.

Site fuel supply incident.

Fuel Train 
Reformer

Fuel Cell DC Section
Water Recovery or Tratment

DC Battery System

Inverter
Control System
Thermal recovery

Other:

In
si

d
e

F
ue

l C
el

l U
n

it

Caused By:

Based on this single experience, please grade
the following where applicable on a score of
0 to 10 where  0  = POOR

10 = EXCELLENT

Service Access to Fuel Cell

Power Plant Design
Mfgr Field Service Manual Quality

Ability to contact Mfgr Product Support
Mfgr Product Support Knowledge

Mfgr Parts Shipping
Mfgr Field Service if on-site

How many work hours were spent 
 unit?troubleshooting

How much total delay, if any, was
spent

?

       
 waiting for service

instructions from mfgr  

How muchtotal delay, i fany,was
spent

?

       
 waiting for site mfgr 

service to show up  

(Hours)

How many work hours were spent 
actually  ? repairingunit

(Hours)

(Hours)(Days)

(Hours)(Days)

How much total delay, if any, was 
spent   ? waitingforparts

(Hours)(Days)

Routine Inspection or Data Gathering

Interconnect Problem
Maintenance, machine still operating
SHUTDOWN

Instrumentation Problem

Hours spent on-site.

Date:                      /        /

Mfgr:      Avista
                   

IFC

Plug Power

H Power Global SolOx
FCT SolOx

Other

Site:

RESIDENTIAL FUEL CELL SERVICE REPORT

Were ? manufacturer representatives on site
Yes, local service was 

Yes, mfgrs own employee
(Company Name)

When did you first arrive on site?

3

5

5

4

2
1

Don't count down time in Availability!Don't count as Forced Shutdown!Optional:

When did unit Shutdown? : A.M.
P.M.

(Date) (Time)
/       /

/       /

/       /
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Already Accomplished (cont’d) . . .

? Electrical Interconnect

? Extensive demonstration guidelines and barrier analysis:

Table 5
Meter at RFC Power Plant which includes Internal Transfer Switch

Item Specification Cost

GE kV2 3-Wire Singlephase Meter
for Form 4S Transformer Rated Socket

(NOTE:  Is preprogrammed and
 has a six week delivery time.)

GE kV2 meter with following options:
? B Softswitch for By Quadrant

Measurements to measure delivered and
received power

? K Softswitch to measure kVAR and related
parameters

? Simple SI/O-1 output board

and the following specifications for dial and pulse outputs:

ID Format Dial Face Read Parameter    Remarks

01 99999.9 kWh Delivered Only incl Harmonics.  Reads to nearest 100 watts
02 99.9 Max kWD Delivered Only, IEEE, Maximum, 5-Minute interval
03 99999.9 kVAR Delivered Only.  Lagging Only.  Reads to nearest 100 watts
04 99999.9 kWh Received Only incl Harmonics.  Reads to nearest 100 watts
05 99.9 Instantaneous kVA Apparent kVA in Phase A
06 99.9 Instantaneous kVA Apparent kVA in Phase B

? Preprogrammed for 200:5 CT’s in Form4S
? Do not suppress leading zeros for energy
? KYZ1:  1 pulse (state change) per 0.125 Watt-hours Delivered Only  on Secondary side of CT’s [which is equivalent to

1 pulse (state change) per 5 Watt-hours Delivered Only on PRIMARY side of 200:5 CT’s]
? Y2:      ON when Receiving Energy

Total $530

Form 4S Meter Socket 20 amp with 6 terminals including 7-pole test switch
for 3 potential fused circuits and two current
transformers including protective cover.

$330

Two Donut-type Current Transformers
(Wiring must be disconnected to slip
  donut’s over L1 and L2 inside RFC
  powerplant)

(Delivery may take three weeks)

Option 1:

200:5 Donut type without split side
2.5-inches diameter x 1.75 inches long
0.3 percent accuracy at 12.5 VA burden
CR Magnetics: CR2DA-RL-201 @  $28 each
with two required.

Option 2:
200:5 Donut type without split side
2.5-inches diameter x 1.0 inches long
1.0 percent accuracy at 4 VA burden
CR Magnetics: CR2-RL-201 @  $20 each
with two required.

$56

Table 4
Meter Between RFC Power Plant and External Transfer Switch

Item Specification Cost

GE kV2 3-Wire Singlephase Meter
for conventional Form 2S 200 Amp
Socket

(NOTE:  Is preprogrammed and
 has a six week delivery time.)

GE kV2 meter with following options:
? B Softswitch for By Quadrant

Measurements to measure delivered and
received power

? K Softswitch to measure kVAR and related
parameters

? Simple SI/O-1 output board

and the following specifications for dial and pulse outputs:

ID Format Dial Face Read Parameter    Remarks

01 99999.9 kWh Delivered Only incl Harmonics.  Reads to nearest 100 watts
02 99.9 Max kWD Delivered Only, IEEE, Maximum, 5-Minute interval
03 99999.9 kVAR Delivered Only.  Lagging Only.  Reads to nearest 100 watts
04 99999.9 kWh Received Only incl Harmonics.  Reads to nearest 100 watts
05 99.9 Instantaneous kVA Apparent kVA in Phase A
06 99.9 Instantaneous kVA Apparent kVA in Phase B

?  Do not suppress leading zeros for energy
?  KYZ1:  1 pulse (state change) per 5 Watt-hours Delivered Only
?  Y2:      ON when Receiving Energy

Total $530

Form 2S Meter Socket 200 amp or as required by fuel cell output or
overcurrent protection

$85

Preprogrammed kV2
Meter Form 2S:

General Electric
http://www.geindustrial.com/industrialsystems/meter/catalog/kv2meter/index.htm

PEPCO
Attn: Joyce Smith
3729 Boettler Oaks Drive
Green, Ohio 44685
Please refer to Quote Number:  U19-02117 Item 2
Telephone (330) 896-3790    jsmith@pepconet.com

Meter Socket: Co-op stock …or… Milbank at http://www.milbankmfg.com/catalogs.asp

Help or questions: Dick McClelland  Energy Signature Associates, Inc  (412) 635-8042

Dwelling Electric Meter Replacement

Some grid parallel fuel cell installations may have a constant day-night power plant output or
may not have an anti-export control.  In this case the fuel cell power plant can, and most likely
will, export power to the grid at night!  If this possibility exists, the present co-op service meter
needs to be replaced with a dual register meter so that the respective dwelling and grid use can be
measured since export power is important demonstration data.

This replaced service entrance meter should not be a “net” meter but should rather have two
registers.  One register should be for power received from the grid; the other, for power exported
to the grid.  If you do not have a suitable dual register meter on hand, one option would be to
order an extra Form 2S kV2 meter to plug into the dwelling’s present service meter socket.

  Questions

If you have any questions or suggestions, please do not hesitate to contact Dick McClelland via
Energy Signature Associates, Inc at (412) 635-8042 or dickmc@telerama.lm.com.

could become, powered.  This is because the CT will continue to try to provide the correct
amperage to an infinite resistance circuit by increasing the CT’s output voltage to extremely high,
very lethal levels.

If the space around L1 and L2 is insufficient to install the CT’s or if the lines cannot be opened to
install the CT’s, alternate metering will need to be selected.  In that event, please contact Energy
Signature for help.

Installation Details and Cautions

Charts 4 through 8 show details for the related residential fuel cell electric interconnects and
metering.  The applicable electric meters are covered in Table 4 for an inline, single power plant
lead installation, and Table 5 for a two lead, grid and dwelling, installation that needs current
transformers inside the power plant.

As with the other interconnects, it is important to consider a number of factors when planning and
implementing the electrical interconnect installation.  These include among others:

? Measure the site’s typical interconnect voltage as part of the site selection
process when planning for grid parallel and Dual Mode installations to make
sure that grid interconnect voltage will be within the manufacturer’s
allowable specifications.

? Review the site’s typical loads as part of the site selection process when
planning for grid independent and Dual Mode installations to make sure that
the dwelling loads will be, or can be converted to be, within manufacturer
fuel cell output specification levels.

? Read and adhere to the manufacturer’s electrical interconnect installation
instructions, as well as related operating and service advisories, and to related
code requirements.

? Consider code based fused disconnect distance requirements such as relative
to Article 240-21 and, as a proxy for sight lines and lockability, Article 430-
102.

? Consider the addition of a ground rod at the power plant even if not part of
the manufacturer’s instructions to assure that the earth around the unit is the
same potential as the power plant cabinet when service is being performed.

? Post clear “WARNING: BOTH SIDES MAY BE ENERGIZED… ” type
advisories on all applicable equipment and disconnects.

? Observe all applicable electrical safety requirements.  This includes, among
many other things, never opening the secondary leads in a current
transformer circuit that is powered or may become powered.

Second: since the fuel cell inverter is essentially an instantaneous current limiting device and little
data is available about the intercorrelation between 15-minute and shorter demands, it is hoped
that some statistical analysis within the demonstration will yield at least preliminary information
on how to size residential fuel cell applications relative to a co-op’s typically collected 15-minute
demand information.

It should be noted that the pulse output from the kWh meter is only for power delivered from the
fuel cell.  Based on 5 watt-hours per state change, “pulse-contact-on-to-off” or “pulse-contact-off-
to-on”, the data logger will be logging one count for each 10 watt-hours, or 0.01 kWh, delivered
by the fuel cell.  The electric meter also includes a separate register to accumulate reverse current
flows in the form of kWh.  This would be applicable to any fuel cell needs for “keep warm” or
maintenance power.

Direct Inline Meter Installations
In most instances, as shown in Charts 4 through 6, the meter can simply be installed in an
ordinary 200-amp Form 2S socket on the single set of circuit leads from the power plant.  This
would use the kV2 meter specified in Table 4.  As detailed in the Charts, this particular meter
configuration would typically apply to grid parallel installations and to those grid independent
installations having an external transfer device.  It would also apply to Dual Mode installations
where the manufacturer supplies a separate transfer device that is at the dwelling and external to
their fuel cell.

The right-hand side of Chart 8, entitled Electric Interconnect Metering,  highlights this type of
meter installation and details the applicable Form 2S socket connections.  In order to preserve the
correct directionality, the residential fuel cell connection should be to the top of the socket; the
dwelling, to the bottom of the socket.

Current Transformer Installations
Chart 7 shows the other type of Dual Mode or grid independent installation where the transfer
device is internal to the power plant.  These types of power plant applications are readily
recognized by the fact that they have two circuit leads, one of which goes to the dwelling and one
of which connects to the electric grid.  Since the demonstration needs to measure the fuel cell
power output only, the program’s electric meter must be installed internally between the power
plant’s inverter and the related internal transfer device.

One option would be to break the leads inside the fuel cell and run that wiring to, and from, a
direct inline meter socket.  However, this may require extensive cabinet modifications, add
potential control problems, and, in any event, is unlikely to be met with enthusiasm by the power
plant manufacturer.

A far easier and less intrusive option is to use a current transformer based kV2 meter as detailed
in Table 5.  Two choices for the related donut-type current transformers are specified in the table.
The first is more accurate but slightly larger; the second, somewhat smaller at the expense of
some accuracy.  In either event, the current transformers will need to be installed by lifting the
applicable L1 and L2 lines inside the power plant, slipping a donut CT over each lead, and then
reconnecting the wiring.  Appropriate fusing and CT shorting switches should also be included.
The details for the resulting Form 4S metering are shown on the left-hand side of Chart 8.

When making this type of installation and to insure proper meter functioning, it is important to observe
proper polarity connections to the current transformers as noted on Chart 8.  From a safety point of view, it
is critical that the leads to the CT’s never be opened when the circuit is, or
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The cable to the fuel cell power plant will include an added demonstration program electric meter
to measure the fuel cell’s power output and would incorporate a service disconnect switch at the
power plant.  To enable grid parallel operation without rewiring, a bypass switch may be needed
across the transfer switch.

Table 3
Conductor Ampacity and Voltage Drop

Conductor Ampacity Voltage Drop for 100 feet distance at Stated Amps
Size of SER Cable 50 amp 100 amp 150 amp 200 amp

#4 100 1.5 3.1 Not Suitable Not Suitable
#3 110 1.2 2.4 Not Suitable Not Suitable
#2 125 1.0 1.9 Not Suitable Not Suitable
#1 150 0.8 1.5 2.3 Not Suitable
1/0 175 0.6 1.2 1.8 Not Suitable
2/0 200 0.5 1.0 1.4 1.9

Obviously both actual site conditions and code requirements will influence the exact
configuration and the wiring type and sizes.  Also, the manufacturer’s specifications, installation
and operating instructions, should be confirmed early in the site selection and installation
planning.  If the unit is to be installed outdoors, consideration should be given to using a ground
rod at the unit to assure that the working area remains at equal potential to the system ground.

It is absolutely essential that all applicable switches be marked with appropriate safety alerts such
as:  “WARNING:  This device is energized by two sources ...”  Depending on the detailed fuel
cell specifications, site configuration, and customer equipment, an added factor in determining
wire sizing may be voltage drop in addition to wiring ampacity.  Table 3 also shows the voltage
drop for various conductors and distances up to the maximum allowed current.

  Electric Meter
Specifications and Rationale
In addition to assuring needed data quality, a companion goal of this Electrical Interconnect and
Metering Guideline is to ease site installation, as well as to minimize the labor and complexity
required by co-op participants in setting up instrumentation and reporting.  For these reasons, a
reasonably priced, specific General Electric kV2 meter is recommended for installation on the
residential fuel cell output.  This provides needed data for the calculation of monthly efficiency
and concurrently interfaces with an UltraLite data logger.  This permits the easy logging of
residential fuel cell fuel input and electrical output each 15 minutes.  The resulting meter
specifications are shown in Table 4 and Table 5 at the end of this guideline.

This meter specification provides for six digits of cumulative energy output where the last digit
measures tenths of a kWh.  The meter is also set up to read kVAR hours as well as the maximum
demand based on a five minute interval.  The specified meter will also be preprogrammed to
produce a pulse state change for every 5 watt-hours of energy delivered.  To aid in
troubleshooting, the meter also reports the instantaneous kVA that the fuel cell is delivering on
each line.  Again, all of these readings are for electricity delivered from the fuel cell to the load
and, in order to preserve data quality, the meter will not “run backwards” or net meter.

A rather short five-minute demand cycle has been chosen for two reasons.  First, the data logging
will already be providing data that is usably equivalent to the traditional 15-minute demand cycle.

Automatic transfer switches are generally high priced units with designs targeted at commercial
and industrial customers.  However as shown in Table 2, DynaGen has developed an AST1000
series switch targeted for residential applications.  The specific device would be an AST1225-2a
which is a non-engine-start version of the AST2000 series.  The unit is capable of automatically
transferring 225 amps, 2 poles, 240 VAC and is 24 inches wide by 30 inches high and 8 inches
deep.  The contactors are approved under UL1008 with the transfer controller package approval
underway.  Also as shown in Table 2, ASCO now has a 165 series UL-NEC-NFPA approved
residential transfer switch for about the same cost.  In addition, more expensive alternates are
available from Cutler-Hammer.

Table 2
Automatic Transfer Switch Sources and Specifications

Manufacturer: Specifications            More Information:

DynaGen: AST1225-2a http://www.dynagensystems.com/support/ast1225.htm
225 amps   2-pole   240 VAC   NEMA-3   ~$1,080

ASCO: 165A2200F3C http://www.dynagensystems.com/support/ast1225.htm
200 amps   2-pole   240 VAC   Type 1 Indoor   ~$1,350  (100 amp: ~$750)

Cutler-Hammer:

RTHEFDA2-100

http://www.ch.cutler-hammer.com/product_pdf/
PA_Residential.pdf    and
http://www.ch.cutler-hammer.com/product_pdf/atspric.pdf

100 amps   2-pole  240 VAC   NEMA-1   $1,357

RTHEFDA2-150
150 amps   2-pole   240 VAC   NEMA-1   $1,800

  

All of these transfer switches, as well as any similar functions built-into the residential fuel cell
power plants or supplied for external installation by the manufacturers, will almost certainly use a
break-before-make operation.  There may also be a number of seconds of interrupt before
reconnecting or resetting the power supply source.  Thus, the transfers will not be seamless in any
event since the cost of exotic instantaneous solid-state power transfers will invariably be beyond
the range of normal residential fuel cells.  Indeed, most customers will already be used to various
levels of grid malfunction interrupts so this should not present a problem.  However, the customer
should be advised that any transfers or resets will not be instantaneous and, if this is a problem, an
inexpensive computer-type UPS may need to be added or continued for home office applications.

  Demonstration Interconnect Configuration

To minimize wiring changes inside the customer’s main panel and allow for servicing of the
installation and power plant, the various interconnect configurations would mount a new fused
disconnect fed by a replaced service entrance cable from the existing grid electric meter.  For
Chart 5’s grid independent interconnect, this new fused disconnect would feed the grid side of the
automatic transfer switch.  The configuration would be essentially identical to Chart 6’s dual
mode configuration except that this transfer device would be supplied by the manufacturer.  The
center output of the automatic transfer switch or manufacturer device would then connect to the
customer’s existing breaker panel.  The other, fuel cell, side of the transfer device would connect
to the fuel cell power plant.

Based on preliminary discussions with demonstration manufacturers, there will be a wide
spectrum of design approaches to residential fuel cell demonstration units.  These will likely
range from units that can only operate in grid parallel or in grid independent configurations all the
way to agile dual mode units having complex built-in interconnect switching.  These various
residential fuel cell types and their likely interconnect configurations are shown in the preceding
charts and summarized below:

Table 1
Power Plant Configurations and Interconnect Drawings

Chart 4:
 Page 4

Grid Parallel Operation Only

Chart 5:
 Page 5

Grid Independent Operation Only with External Transfer
Switch
manufacturer or co-op provides an automatic transfer switch that is mounted
at the dwelling and is external to the power plant

Chart 6:
 Page 6

Dual Mode (Grid Parallel and Grid Independent) w External
Manufacturer Controller
manufacturer provides a controller or automatic transfer device that is
mounted at the dwelling and is external to the power plant

Chart 7:
 Page 7

Dual Mode (Grid Parallel and Grid Independent)  …or…
Grid Independent Only w Internal Manufacturer Controller
manufacturer provides an internal controller or automatic transfer device that
is built-into the power plant.  Even if the power plant is only capable of grid
independent operation, this requires both grid and dwelling circuit wiring to
the power plant.

Automatic Transfer Switch Addition

Obviously, an important interconnect criteria in planning the residential fuel cell demonstration
and electrical interconnect is to maintain service reliability in the event of a fuel cell power plant
shutdown.  Since these units are intended for residential or related applications, the householder
or customer needs reasonable assurance that power will continue to be “on” even when the fuel
cell is not operating.  For these reasons, even if not already provided by the manufacturer for
external installation or built-into the power plant, an automatic transfer switch has been
incorporated in the residential fuel cell’s electrical interconnect installation for Grid Independent
units as typified by Chart 5.  This inclusion of an automatic transfer switch or function principally
applies to single mode grid independent units, but may also apply to Dual Mode power plant
installations depending on how the manufacturer has designed the system and his related scope of
supply.

Although unlikely, some type of automatic transfer or disconnect device may also be needed for
grid parallel units if a fuel cell malfunction or outage has any possibility to leave the customer
without power.  The rule of thumb should be to include an automatic transfer switch if any
residential fuel cell failure mode can leave the customer without power when grid power would
otherwise have been available to the site.  Under such circumstances, an automatic transfer switch
should be included if not supplied as a manufacturer component or power plant function.

Chart 7
Power Plant Electrical Interconnect:  Dual Mode with Power Plant Internal
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Chart 2
Fuel Cell Load Application Profile

result of the two basic modes of fuel cell operation and potential market applications, the
demonstration program’s planning is configured to test both the grid parallel and the grid
independent modes of operation as illustrated in the various Power Plant Electrical Interconnect
drawings shown in Charts 4 through 7.

  Interconnect and Operating Mode Planning

Clearly, both grid parallel and grid independent operations are important to the market and
technology potential of residential fuel cells.  Grid parallel operation provides a useful assessment
of how well the power plant interfaces with the grid from a safety viewpoint and how the power
plant’s inverter copes with voltage flickers, spikes due to lightning, and the like.  In contrast, grid
independent operation fully stresses the cell stack, batteries, and inverter in load swings and day-
night demand shifts.  Some demonstration units may also have the flexibility to run Dual Mode,
that is in both grid parallel and in grid independent operation.  The interconnect for these
particularly agile units should be planned to fully exercise the units in both modes during the
CRN residential fuel cell demonstration program.

Charts 4 through 7 on the following pages show various possible electrical interconnect
configurations applicable to the residential fuel cell demonstration program.  Also shown on these
charts is the impact of the configuration on the resulting demonstration program electric metering.

Chart 1
Residential Fuel Cell Interconnect Types and Issues
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from or to the grid.  The typical configuration would likely have limited export at certain times of the day and strive for no
export at night.

Interconnect:  Fuel cell interconnects to the grid through a fused disconnect, which is accessible to distribution service
personnel, and an internal disconnect under control of the power plant.  In the event of a short-term grid upset the inverter
would typically interrupt or stop commuting.  In the event or a longer upset, the inverter would open an internal disconnect
and after disconnect would likely go to idle while continuing to monitor the grid and awaiting to reconnect after a
presettable time delay after the grid returns to normal.

Key Interconnect Issues:
GRID:             GRID INTERCONNECT re Islanding, Reconnect Timing, etc.  Some interest in POWER QUALITY.
CUSTOMER:  Potential POWER QUALITY type issues depending on grid versus power plant stiffness.

Grid Independent . . .

Power Flow:  Power flows from the fuel
cell only to the customer’s dwelling.  Thus,
the fuel cell must meet all dwelling loads.
This will require application preplanning and
perhaps some load monitoring ahead of
installation.  The fuel cell will likely have a
substantial battery storage system which is

Fuel Cell 
Power Plant 

 

TO DWELLING 
Internal 
Disconnect 

 

  

Fused 
Disc 

 

 

  

A

 

A
 

A

 
A

 

charged by the cell stack at night and helps supplement the cell stack capability during peak daytime loads.

Interconnect:  Fuel cell interconnects to the dwelling through a fused disconnect and perhaps an internal disconnect for
certain dwelling fault clearing events.

Key Interconnect Issues:
GRID:              NONE
CUSTOMER:  Potential to substantial POWER QUALITY type issues depending on customer and loads..

DUAL MODE (Combination Grid Parallel
and Grid Independent) . . .

Power Flow: Power flows from the fuel cell
to the customer’s dwelling and to/from the
grid in normal operation.  In the event of a
grid upset the power plant interrupts, and in
the event of a serious grid event, disconnects
itself and the dwelling from the

Fuel Cell 
Power Plant 

 

TO/FROM GRID  

TO DWELLING 
Internal 
Disconnect 

 

  

Fused 
Disc 

 

 

  

A

 

A
 

A

 
A

 

grid and runs independently.  After a suitable delay when the grid returns to normal, the inverter interrupts and grid parallel
operation is restored.

Interconnect:  Fuel cell interconnects to the grid through a fused disconnect.  An internal fuel cell disconnect is provided
for certain grid parallel upsets and may be provided for certain dwelling grid independent fault clearing events.

Key Interconnect Issues:
GRID:              GRID INTERCONNECT re Islanding, Reconnect Timing, etc.  Some interest in POWER QUALITY.
CUSTOMER:  Potential to substantial POWER QUALITY type issues depending on customer and loads..

ELECTRICAL INTERCONNECT AND METERING

Background

Before using this guide please review at least the first seven pages of Section C: Fuel Cell
Electrical Interconnect and Metering in the CRN Residential Fuel Cell Demonstration Handbook.
For your convenience an extra copy is included in the RFC_Handbook folder.

All of the manufacturers ultimately plan to develop residential fuel cell power plants that are
capable of grid independent operation; most will also be capable of running in a grid parallel
mode.  However, this may not be the case for the demonstration units, many of which may be
capable of only running in a grid parallel or conversely in a grid independent configuration.

Key profiles of these various modes of operation are shown on the next page.  This chart, entitled
Residential Fuel Cell Interconnect Types and Issues, is reproduced from Page C-6 of the
Handbook.

Interconnection Constraints

Although protecting the grid from the fuel cell is obviously an important issue, the practical
design issues for a grid parallel fuel cell are a relatively straightforward development of a
detection and control card capable of interrupting the unit’s inverter in the event of a grid upset.
The design of a residential fuel cell for grid independent operation is in many ways far more
challenging since the unit’s control system, inverter, and fuel processor need to be capable of
responding to wide load swings while constantly producing grid quality power.

As a result, residential fuel cell units will likely have the capability to satisfy two distinct markets.
The first is isolated operation at remote sites or in the event of a grid outage; the second, is the
capability for distributed generation on the grid.  Both modes of operation can be important to co-
ops and their operating region.  For example, given reasonable reliability and costs, grid
independent operation can provide co-ops and their customers with a potential alternative to
costly line extensions when serving small distant loads.

Conversely, grid parallel units, particularly those with remote dispatch for daytime power output
in excess of customer loads, can provide an added dispersed generation grid benefit.  Such units
can also concurrently enhance customer appeal if the fuel cell power plant can automatically
disconnect from the grid and run in a grid independent mode during a grid outage.

Most grid independent residential fuel cells are inherently designed with battery capacity to serve grid
independent daytime peaking loads within the dwelling as shown in Chart 2, which is also reproduced from
the Handbook.  This cellstack-plus-battery configuration could also benefit distributed generation
applications.  For example, since the batteries and charger are already built-in, it is conceptually possible in
the future to have a smaller sized cell stack that uses both its output and the grid at night to charge the
batteries for full daytime operation.  Thus, the unit could function as a combination distributed generation
and day-to-night load leveling device.  As a

The preprogrammed kV2 Electric meter has a lead time of six
weeks so it is important to order this equipment early.

If power can be exported to the grid, you will need to replace the existing dwelling
meter with a dual register meter.  Thus, you may want to order TWO kV2 meters.

Chart 7
Power Plant Electrical Interconnect:  Dual Mode with Power

Plant Internal Controller and Transfer Switch

EXACT COMPONENTS AND INSTALLATION CAN BE A FUNCTION OF THE PARTICULAR 
SITE AS WELL AS LOCAL AND CODE REQUIREMENTS.  THUS, THESE AREAS SHOULD BE 
REVIEWED BY THE ABOVE, AND/OR YOUR LOCAL ENGINEER, BEFORE EQUIPMENT IS 
ORDERED AND INSTALLED.  ALSO, BE SURE TO READ AND ADHERE TO THE RELATED 
MANUFACTURER'S INSTALLATION, OPERATING, AND SERVICE INSTRUCTIONS.  POST
"BOTH SIDES MAY BE ENERGIZED..." WARNING ON ALL APPLICABLE SWITCHGEAR.

CAUTION:

Thermal?

Makeup Water?

Natural Gas,
Propane, etc

Ambient Air

120/240
Volts AC

Electrical Interconnect and Metering

RESIDENTIAL 
FUEL CELL
POWER PLANT

ELECTRICAL METERING
AND INTERCONNECT

~6-inch concrete pad if outdoor installation  

9-inch extension
on all four sides

Ground
Rod?

Existing
Service
Entrance 
and
Meter

May require 
Service Bypass 
Switch between 
these two lines 
if not built-into  
RFC Power 
Plant.  

Existing  
Main
Circuit
Breaker
Panel

Type SER w Ground or Equivalent  
#4-4-4-6 for 100 ampacity
#1-1-1-3 for 150 ampacity
2/0-2/0-2/0-1 for 200 ampacity 
Carry ground and neutral through
all site circuits incl RFC.

Fused 
Disconnect 
Switch B if 
not in Power 
Plant. ~$180 

Fused Disconnect
Switch C at Power 
Plant.  May be 
required depending 
on electric code, 
distance, and sight 
lines.  ~$180 

Fused 
Disconnect
Switch A 
at Service
Entrance. 
~$180

Replace SEU cable between Existing 
Meter and Existing Main Circuit Breaker 
Panel.  

  

Added kWh Meter with CT's 
and test switches for Fuel 
Cell Output incl pulse output  
~$1100  

Exhaust

Capacitors? 
Batteries

6 to
10 kW
Energy 
Storage

DC to AC
Inverter

~150 V
DC

Hydrogen
Rich Fuel

Fuel
Processor

2 to 5 kW
Cell Stack

7867

C  

  

B  

A  

Dual Mode (Grid Parallel - Grid Independent) ...or... Grid Independent 
w Internal Manufacturer Controller  

  

  

L1
L2
N

V1  
V2  

  
CT1  

  

  

CT2  

  

  

  

Fuel
Cell

Grid

Dwelling

Service 

M M  

• Dual Mode RFC with 
Internal Transfer Device

• Custom CRN Demo 
Program Meter with 
special wiring

• Site Interconnect 
wiring and disconnect 
protection
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Already Accomplished (cont’d) . . .

Chart 7
Power Plant Electrical Interconnect:  Dual Mode with Power

Plant Internal Controller and Transfer Switch

EXACT COMPONENTS AND INSTALLATION CAN BE A FUNCTION OF THE PARTICULAR 
SITE AS WELL AS LOCAL AND CODE REQUIREMENTS.  THUS, THESE AREAS SHOULD BE 
REVIEWED BY THE ABOVE, AND/OR YOUR LOCAL ENGINEER, BEFORE EQUIPMENT IS 
ORDERED AND INSTALLED.  ALSO, BE SURE TO READ AND ADHERE TO THE RELATED 
MANUFACTURER'S INSTALLATION, OPERATING, AND SERVICE INSTRUCTIONS.  POST
"BOTH SIDES MAY BE ENERGIZED..." WARNING ON ALL APPLICABLE SWITCHGEAR.

CAUTION:

Thermal?

Makeup Water?

Natural Gas,
Propane, etc

Ambient Air

120/240
Volts AC

Electrical Interconnect and Metering

RESIDENTIAL 
FUEL CELL
POWER PLANT

ELECTRICAL METERING
AND INTERCONNECT

~6-inch concrete pad if outdoor installation  

9-inch extension
on all four sides

Ground
Rod?

Existing
Service
Entrance 
and
Meter

May require 
Service Bypass 
Switch between 
these two lines 
if not built-into  
RFC Power 
Plant.  

Existing  
Main
Circuit
Breaker
Panel

Type SER w Ground or Equivalent  
#4-4-4-6 for 100 ampacity
#1-1-1-3 for 150 ampacity
2/0-2/0-2/0-1 for 200 ampacity 
Carry ground and neutral through
all site circuits incl RFC.

Fused 
Disconnect 
Switch B if 
not in Power 
Plant. ~$180 

Fused Disconnect
Switch C at Power 
Plant.  May be 
required depending 
on electric code, 
distance, and sight 
lines.  ~$180 

Fused 
Disconnect
Switch A 
at Service
Entrance. 
~$180

Replace SEU cable between Existing 
Meter and Existing Main Circuit Breaker 
Panel.  

  

Added kWh Meter with CT's 
and test switches for Fuel 
Cell Output incl pulse output  
~$1100  

Exhaust

Capacitors? 
Batteries

6 to
10 kW
Energy 
Storage

DC to AC
Inverter

~150 V
DC

Hydrogen
Rich Fuel

Fuel
Processor

2 to 5 kW
Cell Stack

7867

C  

  

B  

A  

Dual Mode (Grid Parallel - Grid Independent) ...or... Grid Independent 
w Internal Manufacturer Controller  

  

  

L1
L2
N

V1  
V2  

  
CT1  

  

  
CT2  

  

  

  

Fuel
Cell

Grid

Dwelling

Service 

M M  

Typical Issues and Barriers Identified and Being 
Worked

• Grid Parallel export of power at night
• Remote disconnect / SCADA need
• Disconnects and location re code
• Inverter-to-Dwelling fault clearing
• Motor start capability
• etc

• Required fuel pressure vs codes
• Propane odorant level and variation
• Thermal recovery RFC loop vs safety/ 

codes
• etc
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Chart 1
Fuel Interconnect and Metering:    16 Psig Propane Fueled Residential Fuel Cell

16 Psig Propane  

Tank
PRV 

18" min

18" min

Optional 1/2 or 3/4-inch 
black steel Sch 40 to range, 
water heater, furnace, etc.  
Deletion alternate is to 
use elbow rather than tee.  

1/4-inch odorant sampling
port with valve and pipe
plug in sample opening  

Fisher 1805/13 Pressure 
Relief Valve 
Field adjust to 20 psig 

Fisher 67/683 High 
Pressure Regulator 
Field set to 16 psig

Fisher R332-41 Integral 
Dual First and Stage 
Regulator  

Propane/NG rated 
plug valve (typical)  

IMAC 1-1/2" tee-type
120 mesh filter

1/2-inch Sch 40
screwed black steel 
typical 

1 1/2-inch Sch 40
screwed black steel 
typical  

Solfrunt 4.5-inch 
0 to 30 psig  w
Shutoff Valve Grainger 

American Meter AL-425 
meter with 25 psig case,  
temperature compensation,  
with a 999900 index 
and a 10 pulse output on 
1/2 acf speed circle.  

1/2-inch insulating 
coupling 

brass flare fitting  
1/2-inch MPT to 
3/8 copper 

brass flare fitting 
1/2-inch MPT to 
1/2 copper 

To Residential
Fuel Cell

5 Foot clearance on all sides 
to combustion sources 

     
      

and to vent inlets 
  
3 Foot from windows, 
exhaust fans, etc.  

(ie:residentialfuel cell, discon-
nectswitch,A/CorHP,etc.)

Propane Tank

RFC Demonstration Meter Manifold  

REDUCING COUPLINGS (NOT REDUCING BUSHINGS), 
SHOULD BE USED ON SCREWED PIPE WHERE 
APPLICABLE.  DIELECTRIC (INSULATING) COUPLINGS 
SHOULD BE INSTALLED AS SHOWN BETWEEN 
DISSIMILAR MATERIALS.  

EXACT COMPONENTS AND INSTALLATION CAN BE A 
FUNCTION OF THE PARTICULAR SITE AS WELL AS 
LOCAL CODE AND GAS COMPANY REQUIREMENTS.  
THUS, THESE AREAS SHOULD BE REVIEWED BY THE 
ABOVE, AND/OR YOUR LOCAL ENGINEER, BEFORE 
EQUIPMENT IS ORDERED AND INSTALLED.  ALSO, BE 
SURE TO READ AND ADHERE TO THE RELATED 
MANUFACTURER'S INSTALLATION, OPERATING, AND 
SERVICE INSTRUCTIONS.

ANY REQUIRED DELIVERY PRESSURE TO 
THE RFC ABOVE THE ~0.5 PSIG RANGE 
WILL REQUIRE A STRINGENT SET OF 
SERVICE AND CODE REQUIREMENTS 
THAT YOU SHOULD NOTE.  CODES 
GENERALLY PROHIBIT HIGHER 
PRESSURES IN OCCUPIED AREAS AND 
FOR SUCH REASONS HIGHER PRESSURE 
RFC'S OR RELATED PIPING OR METERING 
SHOULD NOT BE INSTALLED INDOORS.  IT 
IS ALSO IMPORTANT THAT ANY SUCH 
SUPPLY HAVE A REGULATOR THAT HAS 
OVERPRESSURE PROTECTION OR A 
RELIEF VALVE INSTALLED.  THIS IS 
BECAUSE THE INSTRUMENTATION GAS 
METER HAS A MAXIMUM OPERATING 
PRESSURE OF 25 PSIG AND ANY 
OVERPRESSURE MAY RESULT IN DAMAGE 
TO BOTH LIFE AND PROPERTY.

IF POSSIBLE USE LOCAL PROPANE 
DEALER AS SUPPLIER OF, AND TO 
INSTALL, REGULATORS.  ALL REGULATOR 
AND RELIEF VALVE OPENING SHOULD 
POINT, OR BE VENTED, DOWNWARD.  BE 
SURE TO FOLLOW LOCAL CODES AND TO 
USE PROPANE RATED FITTINGS.  ALL 
APPLICABLE TUBING FITTINGS SHOULD 
BE FLARE (NOT COMPRESSION) AND  

CAUTION:

Already Accomplished (cont’d) . . .
? Extensive demonstration guidelines and barrier analysis:

? Natural Gas / Propane (18 Pages)

? Thermal Recovery (9 Pages)

? Data Logging / Instrumentation (18 Pages)

? Meter Reading / Analysis

? Harmonic Analysis

? Efficiency Analysis
Existing
Electric
Water
Heater

6" 

H C

H

H

C

C

Anti-Scald 
Valve ~$83

X

X

Added Thermal Recovery Piping
and Equipment is Shown in Gray

Bronze Swing
Check Valves
~$14 each

Install Air Vents
at System High 
Points Grainger
4UN93 ~$6

Additional T&P 
Relief Valve If 
Not in FC ~$5

4.5 Gal Potable Water
Heater Expan Tank
Grainger 2P673 ~$66  

Modify drain w
Thermowell and
pump inlet.  Set
Temperature Control 
ON at less than 
~140 F.  This turns 
ON the circulating 
pump.  Grainger 
6T072 and 3ZP77~$82    

o

120/240
Volts AC

RESIDENTIAL 
FUEL CELL
POWER PLANT

Makeup Water

Natural Gas, etc.

Exhaust

Blowdown? Capacitors? 
Batteries

6 to
10 kW
Energy 
Storage

DC to AC
Inverter

~150 V
DC

Hydrogen
Rich Fuel

Internal
Water Recovery?

BoilerSteam
2 to 5 kW
Cell Stack

Fuel
Processor

Thermal 
Recovery
In

Out

B & G Circuit Setter  Restrict 
to give FC mfgr gpm through 
thermal recovery loop.  FC 
loop should deliver a 140 F 
outlet for inlets from 60 to 
~130 F.  ~$49 

o

o

Onicon System-1 Btu Meter w 
6 digit LCD totalizer at one 
count/pulse per 100 Btu and w 
Gallon Flow LCD Meter.  
Includes calibrated high and 
low temperature sensors w 
thermowells and F-1300 inline 
flow meter.  ~$1,630 

Taco Bronze 
Circulating Pump  
Grainger 4PC85  
~$114  

V-type Bronze 
Strainer    
Grainger 3P858 
~$19 

Insulate.  If outdoor
fuel cell power plant
also heat trace to 
prevent freezing. 
Grainger 4E516 etc.  

 

GFI Outlet  

Lo 
Temp 

Hi  
Temp 

18"Min 

 

9"Min 

 

Disconnect both
upper and lower 
elements at
circuit breaker
and tag.   

NOTE:  All piping and equipment to be to potable water standards.  All new water piping to be 
             3/4-inch copper.  All valves to be full-opening ball valves similar to Grainger 2P771 ~$9 each. 

Add Fuel Cell Thermal Recovery to Electric Water
Heater (Option 2B  Minimum Cost Configuration)  :

EXACT COMPONENTS AND INSTALLATION CAN BE A FUNCTION OF THE PARTICULAR SITE 
AS WELL AS LOCAL AND CODE REQUIREMENTS.  THUS, THESE AREAS SHOULD BE 
REVIEWED BY THE ABOVE, AND/OR YOUR LOCAL ENGINEER, BEFORE EQUIPMENT IS 
ORDERED AND INSTALLED.  ALSO, BE SURE TO READ AND ADHERE TO THE RELATED 
MANUFACTURER'S INSTALLATION, OPERATING, AND SERVICE INSTRUCTIONS.  

CAUTION:

Figure F-12
Option 3B: Minimum Cost Fuel Cell Thermal Recovery for Water Heating Conversions

Chart 4
PowerTronics PQR1010 Power Quality Recorder Installation and Setup

Questions/Suggestions:  Dick McClelland  Energy Signature Associates  (412) 635-8042  

December 9, 2001

Existing 
Customer 

Load Center  

  

PowerTronics PQR1010 Installation Diagram 

PQR1010 Setup 

Settings / Set Date/Time 

Settings / Set Data Logger 

Settings / Set Thresholds          
     AC channel - Surge Threshold
     AC channel - Sag Threshold

 Others       
  

LEAVE LOGGER ON FOR 1 HOUR AND DOWNLOAD TO VERIFY 
CORRECT SETUP AND OPERATION  

      Set present date and time  

  Select 4 minutes

    132
    108

    Do NOT change

AC-1 

Red  Black  

AC-2  

 

Current  

 

AC Power  

  

 
N  
G  

L2 

 

L1  

 

 
L2 

 

L1  

 

 

~2 Feet  

AEMC Instruments 0 to 240 amp 
clamp-on CT at 10mV AC per Amp 
AC.  Clamp on L1 or L2, whichever 
has the highest likely load.  

To Fuel Cell, Transfer Switch, 
Electric Grid, etc.  

Remove shielded plugs supplied 
by AEMC and replace with Radio 
Shack banana plugs to match 
socket on PQR1010 

Cut-off alligator clips on leads supplied with PQR1010 
and wire each lead to the right-hand, narrow blade of 
a three pronged plug.  Plug red lead into L1 duplex 
outlet and black lead into L2 duplex outlet.  

  

 

 
 

Run 18 AWG ground 
from duplex ground 
wire connection to 
cabinet screw on 
in PQR1010 and tag 

   

 

  

 

 
 

"DoNotRemove!"

Wire new duplex outlet box to dwelling's existing 
load center served by fuel cell.  Left-hand duplex 
goes to L1 and right-hand duplex goes to L2.  

  

 

 
 

Eclipse Plus 250 

UPS 
 

 
MGE  

  

by

Plug into L1 or L2 of new duplex outlets.  
Unplug when measuring harmonics.  

 

DO NOT NEGLECT 
THIS STEP AS IT 
IS NEEDED TO 
PROVIDE AN 
AC-1 AND AC-2 
GROUND 
REFERENCE 
WHEN UPS 
IS UNPLUGGED. 
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Already Accomplished (cont’d) . . .

• Computerized monitor to auto-
matically detect, analyze, and 
categorize:

Grid Interconnect events
Customer Power Quality
events

• Special reporting and 
analysis of Grid Interconnect 
incidents

Power Quality Logger for Fuel Cell Output

PowerTronics  PQR D50  V6.2 - Summary Report as of Jan/31/00 
 ID: 01032
    
    Hot Line    Impulse                > 20 V Peak        256
                                               >10 V Peak        173
                    Power Failure                                      1
   
                    Sag                         5 Percent             2
                                                10 Percent             2
   
    Neutral Impulse                      > 50 V Peak           1
                                                > 20 V Peak        156
                                                > 10 V Peak        237
   

? Detailed Grid Interconnect Monitoring and PQ
Instrumentation Protocols

(Date)
: A.M.

P.M.
(Time)

: A.M.
P.M.

(Time)

When was unit repaired and
ready to return to power output?

(Date)

Site grid incident
Water supply incident.

Site fuel supply incident.

Fuel Train 
Reformer

Fuel Cell DC Section
Water Recovery or Tratment

DC Battery System

Inverter
Control System
Thermal recovery

Other:

In
si

d
e

F
ue

l C
el

l U
n

it

Caused By:

Based on this single experience, please grade
the following where applicable on a score of
0 to 10 where  0  = POOR

10 = EXCELLENT

Service Access to Fuel Cell
Power Plant Design

Mfgr Field Service Manual Quality

Ability to contact Mfgr Product Support

Mfgr Product Support Knowledge

Mfgr Parts Shipping

Mfgr Field Service if on-site

How many work hours were spent 
 unit?troubleshooting

How much total delay, if any, was
spent

?

       
 waiting for service

instructions from mfgr  

How much total delay, if any, was
spent

?

       
 waiting for site mfgr 

service to show up  

(Hours)

How many work hours were spent 
actually  ? repairingunit

(Hours)

(Hours)(Days)

(Hours)(Days)

How much total delay, if any, was 
spent   ? waitingforparts

(Hours)(Days)

Routine Inspection or Data Gathering

Interconnect Problem
Maintenance, machine still operating
SHUTDOWN

Instrumentation Problem

Hours spent on-site.

Date:                      /        /

Mfgr:      Avista
                   

IFC

Plug Power

H Power Global SolOx
FCT SolOx

Other

Site:

RESIDENTIAL FUEL CELL SERVICE REPORT

Were ? manufacturer representatives on site
Yes, local service was 

Yes, mfgrs own employee
(Company Name)

When did you first arrive on site?

3

5

5

4

2
1

Don't count down time in Availability!Don't count as Forced Shutdown!Optional:

When did unit Shutdown? : A.M.
P.M.

(Date) (Time)
/       /

/       /

/       /
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Already Accomplished (cont’d) . . .

? Organized active RFC Users Group

– Technology Status Assessments:   IFC prototype    Avista
FCT SOx         Plug Power

November, 2001 Meeting      Georgia
July, 2001 Meeting                Hartford

– Implement

– Interconnect Assessments:
Electrical Interconnect, metering and reporting
Propane / Natural Gas interconnect and metering 
Thermal Recovery (CHP) options and metering

? Co-op Interconnect and Application Survey

– Market entrance analysis and planning 
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Information Outreach . . .
Comprehensive spectrum of electric interconnects, 
climates, sites, and manufacturers

• Extensive feedback  co-op to co-op and  co-ops to 
mfgrs

• Co-op demos include a broad range of public 
awareness programs and outreach  
(commissioning ceremonies, 
open houses, 
local group presentations,  
site tours, 
brochures, 
bill stuffers, etc.)
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Information Outreach (cont’d) . . .

• Presentations to:  co-op and industry working groups,  
DOE meetings, Joint Co-op/EPRI meetings, etc.

• RFC User Group meetings with manufacturers

• Significant joint effort with DOD-CERL

• Discussion underway with EPRI on joining Users 
Group 

• Info and results posted on NRECA - CRN websites

• NRECA Annual Meeting displays/presentations reach 
over 10,000 senior co-op management and Directors
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Enhanced Program Profile . . .

•Strongly committed Co-op participants
• Highly leveraged DoE funding

NRECA Residential Fuel 
Cell Demonstration 
Program        CRN $215 K

DOE NREL $297 K

DOD-CERL:

Demo Unit Interconnect Testing 
~$160 K

Military Test Site Data Inclusion 
~$80K

EPRI Data Funding
$100 K

NRECA DG Interconnect Manual
$100 K

• Added enhancements outside demo program

CRN:

Assessment of Dist Gen Technology
Dispersed Gen Overview

Distributed Generation Benefit Study
$80 K
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Summary . . .

• Develop and implement RFC Handbook and related seminar

• Assess interconnect related barriers and implement guidelines

First Year’s Major Accomplishments

• Successfully demonstrate RFC DP grid interconnection in a 
real-world environment

• Remove or significantly lower RFC DP application barriers 
while substantially increasing public awareness

• Significantly increase manufacturer knowledge of practical 
DP implementation and needs via demo and Users Group

• Implement critically needed application and market 
assessments to broaden DP customer base

Projected Overall Program Results

• Establish program reporting protocols  

• Implement proactive RFC Users Group

First site reported
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Thank You

Courtesy NASA


